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impact. The variability of the water quality in a stream where the
processes influencing water quality are dominated by pltant life is much
greater than a stream where the dominating processes are nitrification and
sediment processes.

Application of Stream Models

The stream water quality models described in the previous sections were
used to determine effluent requirements associated with projected flows. 1In
making these determinations, the following effluent criteria were used for
screening purposes:

1. Secondary Treatment:
BOD5 = 20 mg/1
NH3-N = 15 mg/1
Dissolved Oxygen = 2 mg/1

2. Advanced Secondary Treatment:
BOD5 = 10 mg/1
NH3-N = 15 mg/1
Dissolved Oxygen = 2 mg/]1

3. Advanced secondary treatment with nitrification
BODS = 10 mg/1
NH3-N = 3 mg/1
Dissolved Oxygen = 4 mg/]

4. Tertiary Treatment:
BODS = 5 mg/1
NH3-N = 2 mg/1
Dissolved Oxygen = 5 mg/1

These criteria were based on professional judgement and the Texas Water
Commission’s Effluent Standards for Domestic Wastewater Treatment Plants
(see 31 TAC 309.2, Table 1, 1986). BOD5 concentrations for effluent
conditions 1, 2 and 3, above, were based on Texas Water Commission Effluent
Standards as were dissolved oxygen concentrations for conditions 2 and 3 and
the NH3-N concentration for condition 3. Other values such as the NH3-N
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concentration of 15 mg/1 for conditions 1 and 2 were based on professional
Judgement.

As mentioned, the above criteria were used for screening purposes. In
modeling some of the streams in the study area, additional criteria (e.g.,
BOD5 = 10 mg/1, NH3-N = 2 mg/1, and Dissolved Oxygen = 6 mg/1) were tested
and found appropriate for meeting stream dissolved oxygen standards.

The following paragraphs describe the application of the stream models in
projecting wastewater treatment plant effluent requirements in the study
area.

Leon_River Above |ake Belton. The Leon River above lLake Belton receives
effiuent from three municipal WWTP’s in the modelled reach. The projected
flows, by decade, are:

1990 2000 2010 2020 2030

Location Flow,MGD Flow,MGD Flow,MGD Flow,MGD -Flow,MGD
Gatesville 1.14 1.52 2.02 2.68 3.62
North Fort Hood 0.25 0.33 0.44 0.59 0.79
Oglesby 0.05 0.06 0.07 0.07 0.08

In using the model to reflect expected future conditions, the settling
rates were reduced to reflect the lower solids in the effluent associated
with higher treatment levels. Similarly, the sediment oxygen demand was
reduced to reflect the lower organic solids from the effluent that would
settle and decompose. The temperature was set at 27.5°, based on the
average of TWC’s data for August temperatures plus one standard deviation
for years 1979, 1981, 1982, 1983, 1985 and 1986. The headwater flow was set
to the 702 flow of 2.0 cfs based on information in the Texas Surface Water
Quality Standards. These conditions were meant to represent the critical
conditions of the stream.
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In order to determine the effluent requirements needed to meet a stream
dissolved oxygen standard of 5.0 mg/1 numerous effluent quality conditions
were tested using the QUAL-TX model. The effiuent conditions evaluated and
the dissolved oxygen response to each effluent condition are shown in Figure
IV-9 for the years 1990, 2000, 2010, 2020, and 2030.

As can be seen from Figure IV-9, the 1990 effluent flows would meet the
stream dissolved oxygen standard of 5.0 mg/1 with Gatesville discharging at
the advanced secondary level with nitrification (10/3/4) and the other two
dischargers at the advanced secondary level (10/15/2). The flows in 2000
using the same effluent quality weuld produce dissolved oxygen Tlevels just
below the standard, and as effluent flows increase in the succeeding
decades, the dissolved oxygen will be further suppressed. Accordingly,
tertiary treatment (5/2/6) was tested for the year 2030 and found to be more
than adequate in meeting the stream dissolved oxygen standard. Following
questions by the City of Gatesville concerning the appropriateness of
tertiary treatment, an additional effluent set (Gatesville BODS = 10 mg/1,
NH3-N = 2 mg/1, Dissolved Oxygen = 6 mg/1) was tested which predicted
dissolved oxygen Tlevels above the dissolved oxygen standard for all

scenarios. Based on the above, the following effluent requirements are
recommended.
Projected Flows Required Effluent Quality
North North

Gatesville Fort Hood Oglesby Gatesville Fort Hood O0Oglesby
Year (MGD) (MGD) _(MGD)

1990 1.14 0.25 0.05 10/2/6 10/15/2  10/15/2
2000 1.52 0.33 0.06 10/2/6 10/3/4  10/3/4
2010 2.02 0.44 0.07 10/2/6 10/3/4 107374
2020 2.68 0.59 0.07 10/2/6 10/3/4  10/3/4
2030 3.62 0.79 0.08 10/2/6 10/3/4  10/3/4

Note: Effluent Requirements Shown in Terms of BOD/NH3-N/DO.
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Nolan Creek. Projected wastewater flows discharged into Nolan Creek were
modelled wusing the TWC’s Draft Wasteload Evaluation for Nolan Creek
published June 2, 1986. Three scenarios were developed for the projected
wastewater flows and treatment in the Kileen-Harker Heights-Nolanville
planning area. The first alternative assumed that all wastewater flows
would be treated and discharged into Nolan Creek (no point discharge into
Lake Stillhouse Hollow) using the existing WWTPs and constructing a new
plant for the year 2010 just downstream of Bell County WCID #1.

The second alternative assumes that the majority of wastewater flows are to
be discharged into Nolan Creek and flows generated from the Onion Creek
WWTP (built 1in 2020) and other selected areas near the Tlakeside will
discharge into Lake Stillhouse Hollow. This would reduce flows from the
WCID #1 STP #2 plant in the year 2020 to 3.45 MGD and in the year 2030 to
7.11 MGD. The Onion Creek WWTP would discharge 0.25 MGD in the year 2020
and 0.63 in the year 2030.

The third alternative for the planning area involved building a treatment
plant in the year 2020 that would discharge into Lake Stillhouse Hollow via
plants on Trimmier Creek and Onion Creek. Some of the flows generated in
the earlier growth areas would be diverted to this plant.

Results of the Nolan Creek model showed that the effluent quality for all
four plants discharging into Nolan Creek was essentially the same for all
three alternatives. The projected plant flows for each alternative and
the required effluent quality to maintain the standard of 5.0 mg/]
dissolved oxygen in Nolan Creek are shown below.
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Projected Flows Required Effluent Quality
Harker Harker
Heights Heights
WCID #1 WCID #1 WCID #4 WCID #3 WCID #1 WCID #1 WCID #4 WCID #3
(MGD)  STP #2 {MGD) (MGD) STP #2
Year (MGD)
Alternative #1
1990 14.37 0.00 1.51 0.20 10/2/6 -- 10/3/4 10/15/2
2000 16.53 0.00 1.93 0.26 10/2/6 -- 10/3/4 10/15/2
2010 17.04 2.12 2.36 0.34 10/2/6 10/2/6 10/3/4 10/15/2
2020 19.16 3.64 3.00 0.44 7/2/6 1/2/6 10/3/4 10/15/2
2030 19.16 7.68 3.72 0.56 7/2/6 1/2/6 10/3/4 10/15/2
Alternative #2
1990 14.37 0.00 1.51 0.20 10/2/6 -- 10/3/4 10/15/2
2000 16.83 0.00 1.93 0.26 10/2/6 -- i0/3/4 10/15/2
2010 17.04 2.12 2.36 0.34 l0/2/6 10/2/6 10/3/4 10/15/2
2020 19.16 3.45 3.00 0.44 7/2/6 1/2/6 10/3/4 10/15/2
2030 19.16 7.11 3.72 0.56 7/2/6 1/2/6 10/3/4 10/15/2
Alternative #3
1990 14.37 0.00 1.51 0.20 10/2/6 -- 10/3/4 10/15/2
2000 16.53 0.00 1.93 0.26 10/2/6 -- 10/3/4 10/15/2
2010 17.04 1.06 2.36 0.34 lo/2/6 10/2/6 10/3/4 10/15/2
2020 19.16 2.22 2.44 0.44 7/2/6 1/2/6 10/3/4 10/15/2
2030 19.16 4.16 2.70 0.56 7/2/6 7/2/6 10/3/4 10/15/2

Note: Effluent Requirements shown in terms of BOD/NH3-N/DO.

House Creek, Turkey Run Creek, Clear Creek. For the Copperas Cove planning
area, flows were projected for the three existing WWTPs. To simulate the

impacts of the projected flows, the House Creek, Turkey Run Creek, and Clear
Creek models were used. The projected flows, by decade, are:

1990 2000 2010 2020 2030
WWTP MGD MGD MGD MGD MGD
NE 0.92 1.07 1.19 1.29 1.35
NW 1.51 1.89 2.04 2.23 2.46

S 0.85 1.37 1.59 1.75 1.93



IV-40

The stream standards for all three receiving streams require maintaining a
3.0 mg/1 dissolved oxygen concentration, To simulate the critical
conditions, the headwater flow was set to 0.1 cfs based on the Texas Water
Commission policy for assuming minimum backgrouhd flows, The water
temperature set to 29.5°C. This is the average summer temperature plus one
standard deviation. The projection modeis showed that, to meet the stream
standards for all three streams and all projected effluent flows, the
required effluent quality is advanced secondary treatment with
nitrification (10 mg/1 BOD5, 3 mg/1 ammonia nitrogen, and 4 mg/1 dissolved
oxygen).

Sulphur Creek. The Sulphur Creek model was used to determine the impact
and the required effluent quality for the City of Lampasas’ two wastewater
treatment plants to maintain the 3.0 mg/1 dissolved oxygen standard in the
stream. For the Lampasas planning area, two population projections were
developed that bracketed the future population. The two existing WWTPs,
which are located adjacent to one another were assumed to be used to treat
all projected flows. The total projected flows were:

1990 2000 2010 2020 2030
Projection MGD MGD MGD MGD MGD
Low 0.70 0.90 1.20 1.50 1.80
High 0.74 1.01 1.42 1.96 2.62

The model was modified to reflect critical conditions by using a headwater
flow of 2.0 cfs and a water temperature of 30.0°C. The results of the
modelling showed that for both the low and high projections for the year
1990 the required effluent quality is advanced secondary treatment (10 mg/1
BOD, 15 mg/1 ammonia nitrogen, and 2 mg/1 dissolved oxygen). For all other
years for both the high and low projections, the required effluent quality
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is advanced secondary treatment with nitrification (10 mg/1 BODS, 3 mg/}
ammonia nitrogen, and 4 mg/1 dissolved oxygen).

Leon_River Below lake Belton. The Leon River below Lake Belton model was

used to explore the impact of the expansion of the BRA Regional WWTP,
located on Nolan Creek just upstream of the confluence with the Leon River.
The model was modified to reflect expected future conditions and critical
conditions. The Leon River flow below the dam was set at 0.5 cfs (the 7Q2
flow) and the water temperature set at 24.3°C. The SOD, BOD, and NH3
reaction rates were vreduced to reflect the improved effluent
characteristics. Two flows from the BRA WWTP were used, 5 MGD and 10 MGD.
A1l other flows in Nolan Creek were assumed to be at the 1995 projections
and required quality as specified in the TWC wasteload allocation report
for Nolan Creek. The modeling results showed that for a permitted flow of
10 MGD the required effluent quality to meet the stream standard of 5 mg/1
for dissolved oxygen is 10 mg/1 BOD5, 2 mg/1 ammonia nitrogen, and 6 mg/1
dissolved oxygen.

Lampasas River Below Lake Stillhouse Hollow. The Lampasas River below Lake
Stillhouse Hollow was modelled to receive 0.65 MGD from three small

hypothetical plants from lakeshore developments. These plants represented
a possible scenario of development around the lake. The results of the
medel showed that a secondary treatment level, 20 mg/1 BOD, 15 mg/l
ammonia, and 2 mg/1 dissolved oxygen would be sufficient for the Lampasas
River to meet the stream standard of 5 mg/1 dissolved oxygen.

Discussion of Observations During Model Use

For the Leon River above Lake Belton, Sulphur Creek, Clear Creek, the
Lampasas River above Lake Stillhouse Hollow, and the Lampasas River below
Lake Stillhouse Hollow, the impact and interaction of aquatic plant Tife
appears to affect water quality. This is pointed out because QUAL-TX and



Iv-42

the simplified Streeter-Phelps model used in this study are both steady
state models with fixed reaction and process rates that are not time
variable, whereas, growth and death of aquatic plant 1ife follows seasonal
cycles, where, if the process rates were to be quantified, they would be
time variable.

During the period defined as critical, the streams are characterized by low
flow and warm water temperatures and aquatic plant Tlife is generally
growing at its maximum rate. Nutrient uptake and oxygen production are
generally at their peaks. Calibration data sets were collected from
September through November, so growth rates and uptake rates were probably
below the maximum. The projection model may then be conservative on the
uptake rates of nutrients by plant life.

Using dissolved oxygen is generally a goed indicator of a impact of the
discharge on a stream’s quality. Both the Streeter-Phelps and QUAL-TX
models simulate the major processes influencing dissolved oxygen. As
previously explained, in using these models, adjustments were made that
reflect the expected future conditions of the stream being modelled. For
example, a reduction in settling was assumed to account for lower future
effluent TSS concentrations. After these adjustments were made, the
projection models provided a good conservative estimate of the impact of
the future point sources on stream dissolved oxygen.

Other impacts to receiving streams may not be identified using dissolved
oxygen models, Based on observations made during the stream surveys,
aquatic plant life may be adversely impacted by dischargers. For example,
based on visual observations in the field, Clear Creek is severely impacted
by nutrients from the WWTP discharge. The stream has broad very slow
moving pools, that are now completely blanketed in filamentous algae, with
a mat well over six inches thick. The nutrient levels observed in the
stream reflect plant nutrient uptake.
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LAKES
Introduction

This study used chlorophyll ‘a‘’, a constituent of algae cells, as a
measurement of lake water quality. A1l lakes age naturally and algae
populations eventually increase. The extent of the algae population, and
associated water quality indicate a measure of aging called eutrophication.
Very clean lakes are referred to as oligotrophic where Tlow algae and
nutrient concentrations are found. Lakes with slightly higher
concentrations are vreferred to as mesotrophic, and 1lakes with high
concentrations of nutrients and algae are -eutrophic. Texas lakes are
usually either mesotrophic or eutrophic due to the rich inflow of nutrients
washed into the lake with eroded soil and other material associated with
point and nonpoint sources. High concentrations of algae can cause changes
in visual appearance. Depressions of dissolved oxygen can also occur
because of the high organic load associated with the algae as it dies and
settles to the Take bottom. In the context of this report a sink is a place
within the lake such as the lake bottom where nutrients are deposited and
can accumulate. A source is a place where nutrients originate. Under
certain conditions, lake sediments can become a source by releasing
accumulated nutrients into the water column. Taste and odor problems in
drinking water can result from high algae concentrations and/or depressed
dissolved oxygen.

As indicated in the discussion of lake water quality objectives; Lakes
Belton and Stillhouse Hollow are ranked among the least eutrophic lakes in
Texas based on chlorophyll ‘a’ measurements in a state-wide lake water
quality data base (State of Texas Water Quality Inventory, 1986). However,
examination of the average annual chlprophyll ‘a’ data collected during the
year’s sampling associated with this project, indicates that these Tlakes
have average annual chlorophyll ‘a’ concentrations closer to the average for
all lakes in the state water quaiity data base than originally believed.

The extensive annual sampling information developed in the current study is
a realistic assessment of water quality for both Lakes Belton and
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StilThouse Hollow. It is probable that the low historical chlorophyll 'a’
values previously reported are probably a result of the small number of
intermittent samples included in the state data base. Also it appears that
the state-wide data base may not include results of earlier local studies
such as that by CTCOG (1980) for Lakes Belton and Stillhouse Hollow. In
any case, the recent data suggests that annual average chlorophyll ‘a’
values are on the order of 11 ug/1 at main lake stations close to the dams.

Calibration

Both Lakes Belton and Stillhouse Hollow were modelled using WASP, an EPA
program that simulates water quality changes over both time and space. The
kinetic subroutine used in WASP is developed by the user, and the main WASP
program simulates the transport. Application of the model requires an
extensive data base, such as that developed from the sampling program in
this study. The analysis considers the change in the concentration of
chlorophyll ‘a’, ammonia, nitrate, organic nitrogen, orthophosphorus,
unavailable phosphorus (unavailable for wuptake by algae), BOD5 and
dissolved oxygen.

‘a’ growth are related to

Algae concentrations represented by chlorophytl
light availability, ammonia and nitrate concentrations, orthophosphate, and
temperature. Algae removal in the WASP model is associated with settling,
predation, respiration, and nonpredatory death. Losses of algae result in
BOD, organic nitrogen and unavailable phosphofus that can be reintroduced
back into the water c¢olumn. Growth of algae adds dissolved oxygen to the

water column while death and respiration remove oxygen.

WASP simulates nitrogen in three compounds, organic nitrogen, ammonia, and
nitrate. Organic nitrogen is a breakdown product of algae, is subject to
settling and can be transformed biologically to ammonia. Ammonia, in
addition to being a product of organic nitrogen, is also released from the
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bottom sediments. Ammonia is subject to uptake by algae and nitrification,
which transforms it into nitrate. Nitrate is subject to uptake by algae.

Phosphorus is simulated in two compounds, orthophosphorus and unavailable
phosphorus. Unavailable phosphorus is the fraction of total phesphorus
that cannot be used by algae. Unavailable phosphorus is the product of
atgae death and is subject to settling and microbiological transformation
to orthophosphorus. Orthophosphorus is also released from the bottom and
is taken up by algae growth.

Dissolved oxygen 1is a function of reaeration from the surface, BOD
oxidation, nitrification, bottom demand, and production or uses by algae.
Reaeration is based on windspeed. Nitrification, BOD decay, and bottom
releases of nutrients and sediment oxygen demand is a function of the
dissolved oxygen in the bottom layers.

For a further discussion of the WASP model, the reader is referred to WASP
3 (Water Quality Analysis Program), a Hydrodynamic_and Water Quality Mode]
- Model Theory, Users Manual and Programmer’s Guide, U.S. EPA, September
1986.

In using WASP for this project, data collected from September 1987 through
August 1988 were used to calibrate water quality models for Lakes Belton
and Lake Stillhouse Hollow. The calibration procedure included developing
flow and water volume balances for each lake. The data were employed in a
sequential manner to adjust the model coefficients so that the calculated
water quality was generally similar to the observed data. The sequence of
comparisons of model output to observed data for coefficient adjustment was
generally:

1. Conductivity and temperature

2. Total nitrogen and total phosphorus

3. The individual chemical species of nitrogen and phosphorus
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4. Chlorophyll ‘a’
5. BOD and dissolved oxygen

The resultant model coefficients for each Lake are presented in Table IV-1
and are within the range normally used in water quality modeling of this
nature {JTechnical Guidance Manual for Performing Waste Load Allocations,
Book IV Lakes and Impoundments, Chapter 2 Eutrophication, U.S. EPA, August
1983, Rates, Constants, and Kinetics Formulations in Surface Water Quality
Modeling (Second Edition), U.S. EPA, June 1985, WASP 3 (Water Quality
Analysis Program), a Hydrodynamic and Water Quality Model - Model Theory,
Users Manual and Progqrammer’s Guide, U.S. EPA, September 1986). These
coefficients are the same for each section of a lake and were not varied

from segment to segment or from time period to time period except for
temperature adjustments. The kinetics used in the model are summarized in
the Appendix.

Lake Stillhouse Hollow Model Calibration. Figure IV-10 is a sketch of Lake
Stillhouse showing model segmentation and sampling locations.
Figures IV-11, 1IV-12, IV-13 and IV-14 illustrate the .comparison bhetween
calculated and measured total nitrogen, total phosphorous, chlorophyll a,

and dissolved oxygen for the three segments in Lake Stillhouse Hollow
adjacent to the dam. The comparisons are typical of those normally
obtained in this type of analysis and are representative of the order of
comparisons between calculated and observed profiles for all of the Lake
Stillhouse Hollow segments. The complete set of figures comparing
calculated and observed water quality for each individual variable and each
model segment in Lake Stillhouse Hollow are contained in the Appendix.

It should also be noted that the model and observed data are not in
agreement with respect to the factors that are limiting phytoplankton
growth. The model contains phytoplankton inorganic nitrogen growth
Jimitations, for some periods of the year, which are larger than reflected



TABLE 1Vv-1

MODEL COEFFICIENTS FOR LAKES BELTON AND STILLHOUSE HOLLOW

Number Constant Description Units Belton Stillhouse
1 XXN Ammonia Decay @ 20°¢C 1/day .12 .1
2 XKON Organic N Conversion to NH3 a 20°cC 1/day .15 .07
3 XKSEDN Bottom release of NH mg/ftzlday 17 12
4 SETTON Settling rate of organic nitrogen (usually=w) ft/day .092 .328
5 XDENIT Denitrification rate 1/day .01 .01
6 ALGN Nitrogen to carbon ratio in algae mg N/mg € .15 .15
7 KAP Phosphorous to carbon ratio in algae mg P/mg C .01 .01
8 XKNP Nonavailable P conversions to available P 1/day .15 .08
9 NONPSET Nonavailable P settling (usually=u) ft/day 492 .328
10 XKPSED Bottom release of available P mg P/ftzlday .80 .75
11 Is Optimal light intensity Ly/day 250 2590
12 XKPT Maximum algae growth rate & 20°C 1/day 2.5 2.5
13 KALD Nonpreditory algae death rate &8 20°C 1/day .01 .05
14 KALGRES Algae respiration a 20°C 1/day .09 .05
15 KALGEAT Algae predation rate & 20°C 1/day .04 .04
16 W Algae settling rate ft/day 492 .328
17 KTIN Michaelis-Menton Nitrogen

half-saturation constant mg/ .015 .015
18 KPO, Michaelis-Menton Phosphorous

half-saturation constant mg/l .001 .001
i¢ XKD BODg decay a 20°c¢c’ 1/day .05 .05
20 XBOTDMD Sediment oxygen demand & 20°C mg/ftzlday 75 110
21 ALGSOD BODg to carbon ratio in algae mg BODs/mg c 1.57 1.57
22 ALGDO pissolved oxygen to carbon ratio

for algae use mg PO/mg C 2.67 2.67
23 XBODSET BODg settling rate ft/day 492 .328
24 KBON DO constant for detrification mg/\ 2. 3.




TABLE fv-1

MODEL COEFFICIENTS FOR LAKES BELTON AND STILLHOUSE HOLLOUW
{continued)

Number Constant Description Units Beiton Stillhouse
25 KBPR 00 constant for bottom phosphorous release mg/l 2. 3.
26 SEDDNIT Bottom denitrification mg/ftZsday .002 .002
27 THNHS Temperature conversion for NHy decay §.083 1.083
28 THON FTemperature conversion for ON-NH3 conversion 1.083 1.083
29 THSEDN Temperature conversion for bottom release

of nitrogen 1.083 1.083
30 THNONP Temperature conversion for nonavailabie P

to available P 1.083 1.083
31 THRP Temperature conversion for bottom release

of phosphorous 1.083 1.083
32 THALG Temperature conversion for algae growth,

grazing and respiration 1.068 1.068
33 THALD Temperature conversion for algae growth 1.045 1.045
34 THBOD Temperature conversion for BODg decay 1.045 1.045
35 THDO Temperature conversion for sediment

oxygen demand 1.045 1.045%

36 THDENIT Temperature conversion for denitrification 1.047 1.047
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by the observed data. This is illustrated in Figure IV-15, which presents
comparisons of nutrient Tlimitation factors expressed as the fraction of
maximum phytoplankton growth. These factors were calculated as discussed
on page [I-35, One calculation is based on observed nutrient data and
another is based on nutrient profiles generated by the WASP model for
inorganic nitrogen and orthophosphorous, respectively.

Lake Belton Model Calibration. Figure IV-16 is a sketch of Lake Belton
illustrating the model segmentation and sampling locations. Figures IV-17,
IV-18, and IV-19 illustrate the comparison between calculated and measured

total nitrogen, chlorophyll a, and dissolved oxygen for the three segments
in Lake Belton adjacent to the "dam. The comparisons are comparable to
those obtained for Lake Stillhouse Hollow and are representative of the
order of comparisons between calculated and observed profiles for all of
the Lake Belton Segments. The complete set of figures comparing calculated
and observed water quality for each individual variable and each model
segment in Lake Belton are contained in the Appendix.

Figure IV-20 presents information on growth rate reductions due to nutrient
Timitations considering both the observed nutrient data and the calculated
nutrient profiles. As was the case for Lake Stillhouse Hollow, the model
and observations are not in agreement with respect to the factors that are
limiting phytoplankton growth. The model contains phytoplankton inorganic
nitrogen growth limitations, for some periods of the year, which are larger
than those reflected by the observed data.

Use of Lake Models and Water Quality Data to Assess Water Quality Impacts
Projections of the direct water quality effects in Lakes Stillhouse Hollow

and Belton were developed for the eight loading scenarios indicated in
Table IV-2. These scenarios were selected to determine the sensitivity of
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FIGURE IV-16
WATER QUALITY MODEL SEGMENTATION FOR LAKE BELTON
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DISSOLYED OXYGEN IN LAKE BELTON
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TABLE IV-2

LOADING SCENARIOS USED IN PROJECTIONS
FOR LAKES BELTON AND STILLHOUSE HOLLOW

Change in Loading(1)

Scenario Point Nonpoint
No. Sources Sources

1 0 -15%

2 0 +15%

3 +50% 0

4 +50% +15%

5 -25% 0

6 +15% 0

7 -15% 0

8 -25% -15%

1Both nitrogen and phosphorous
changed by the amounts shown.

Toads were
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lake water quality to changes in nutrient loading. Both nitrogen and
phosphorous input 1loads were increased in the proportions shown. The
changes in calculated chlorophyll ‘a’ were very small as illustrated in
Figures IV-21 and IV-22 where the calculated chlorophyll ‘a’ profiles are
presented for the two most extreme loading scenarios from Table IV-2. As a
final check the year 2030 pollution loads shown in Figures III-2 and III-3
were tested. For Lake Stillhouse Hollow, the Killeen/Harker Heights
diversion was included without advanced waste treatment. As can be seen in
Figures IV-21 and IV-22, projected nutrient loads could have a significant
impact on Lake Stillhouse and a lesser impact on Lake Belton.

A series of model runs were obtained which explored the relative roles of
point and nonpoint source nutrient inputs and the source of nutrients from
the sediment. Based on these calculations, which were sensitivity runs
using the calibrated models for each lake, it was concluded that the
sediment source of nitrogen was the input controlling nitrogen
concentrations. This conclusion was made because a significant input from
lake sediments had to be included in the mass balance to obtain the
observed nutrient concentration levels. In calculations where this source
rot

was eliminated from consideration the chlorophyll ’‘a’ concentrations were
reduced by more then 80 percent.

This situation has been observed in a number of other water bodies and is a
current area of very intensive research activity. The basic concern with
the effects of changes in nutrient inputs (either increases or decreases)
shifts from immediate increases 1in chlorophyll ‘a’ to long term slow
changes 1in chlorophyll ’‘a’ concentrations. Water quality changes are
associated with nutrient accumulations in the sediment and subsequent
changes in the rate of release of nutrients from the sediment over time.
Therefore, even though the direct effects of changes in nutrient inputs are
estimated to be small there are concerns that the long term impacts will be

larger. It should be recognized that this is a phenomenon which has only
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recently been identified. Unambiguous demonstration that long term water
quality impacts from either increases or decreases in nutrient loads which
change sediment nutrient accumulations and alter nutrient release rates is
not fully documented.

Managers of major water bodies, where this situation has been encountered,
have elected to initially assume that the speculated long term relationship
between nutrient inputs and water quality changes are real and have
introduced programs for managing nutrient inputs to the water bodies.

Examination of both observed data and the model indicates that nitrogen is
the limiting nutrient in both lakes during most of the year. Additional
sensitivity calculations were developed, for each of the lakes, to examine
the possibility that the 1limiting nutrient could periodicaily be
phosphorous. This was accomplished by computing the in-Tlake growth rate
reduction using values of the Michaelis-Menton half saturation coefficient
for phosphorous from the Tliterature. These calculations suggested that,
under a series of plausible assumptions, it is possible that phosphorous
could become the limiting nutrient for some periods of time. In view of
this finding a set of sensitivity calculations were made to estimate the
importance of external phosphorous loads from point and nonpoint sources
compared to the sediment. For phosphorous, both the sediments and external
inputs appear important loading sources in each of the lakes.

The data from the sampling program of this project indicate that
chlorophyll ’a’ concentrations averaged slightly in excess of 11 ug/1 in
1987 through 1988 in contrast to the historical values presented in the
State of Texas 1986 Water Quality Inventory which averaged less than 3 ug/]
in the main segment of both Lakes Belton and Stillhouse Hollow adjacent to
the respective dams. The average chlorophyll ’a’ -values of 11 ug/1l
observed in this study represent good water quality. Further, this order
of chlorophyll ‘a’ concentration is usually not in itself associated with
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water quality problems and water quality objectives from 10 to 25 ug/1
chlorophyll ‘a’ which have been suggested for lakes in other parts of the
nation. If, however, the increased concentration of chlorophyll ’'a’ is part
of a trend of rapidly decreasing water quality and increasing chlorophyll
*a’ concentrations then there is a water quality concern.

The examination of historical chlorophyll ’‘a’ data for Lake Stillhouse
Hollow near the dam presented in Chapter II indicates a possible trend
toward increasing algae concentrations at this Tlocation. The above
observation should alert water resource managers concerning a possible
adverse trend and the need to limit nutrient inputs to Lake Stillhouse
Hollow pending collection of additional data and the verification of the
model used in this study.

An examination of the Lake Belton water quality data in the upstream
sampling stations indicate that the chlorophyll ‘a’ concentrations in the
upstream stations on the Cowhouse arm of Lake Belton and on the upstream
station of Lake Stillhouse Hollow averaged 2 to 2.5 times the concentration
in the main lake stations adjacent to the dam. Criteria for local water
quality in upstream ends of lake arms or coves are not available to judge
these chlorophyll ‘a’ values. The Leon River arm of Lake Belton averages
over 15 times the concentration in the main segment of the lake near the
dam. The chlorophyll 'a’ data in the upstream station of the Leon arm were
mostly in excess of 100 ug/1. This is a very high concentration value and
would inhibit 1local water use due to appearance and fluctuations in
dissolved oxygen concentrations. At these very high concentrations 1light
limitations would be extreme and could indicate that -some local upstream
source 1is supplying chlorophyll ‘a’ while the lake arm is acting as a
collecting segment and sink to the sediments. This source could be a
combination of wastewater treatment plant effluent and cultivated
agriculture which‘%s known to occur in close proximity to the Leon River
arm of Lake Belton.



CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

Lakes Belton and Stillhouse Hollow have been classified by the Texas Water
Commission as two of the cleanest lakes in the State based on Carlson’s
Trophic State Index parameters set in The State of Texas Water Quality
Inventory, 8th Edition, 1986. Water quality data collected in this study
and presented herein in Chapter II show annual average chlorophyll ’a’
values of about 11 ug/1 at the dam of each lake. Based on this existing
water quality and expected year to year variations, which are essentially
uncontrollable, an annual average chlorophyll ‘a’ of between 10 and 15 ug/}
at the dam of each Tlake should be used as an indicator of good water
quality. In other words we suggest that existing annual average chlorophyl]
"a’ values would provide an appropriate target.

Water quality data also indicate that Lake Stillhouse Hollow water quality
in terms of algae growth (as measured by chlorophyll ‘a’) is deteriorating
with time. Sampling data collected for this study for both Takes showed
higher levels of algae than the historical data. Lake Belton has excessive
levels in the Leon River arm of the lake. These increased levels of algae
may be due to the continuing point and nonpoint discharges and accumulation
of nutrients {i.e., nitrogen and phosphorous) into the lakes. Much of the
nutrient load entering the lakes settles to the bottom with soil particles
or dead algae and can be recycled back into the water column to contribute
to future increases in algae population. Some of the differences in algae
population could be attributed to differences in climate conditions.

Results of preliminary water quality modeling performed in this study
indicate that Lake Stillhouse Hollow would be adversely impacted by point
source nutrient loads unless advanced waste treatment is required to reduce
these loads. As shown in Chapter IV, discharges of year 2030 Killeen/Harker
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Heights area point sources without advanced waste treatment would increase
chlorophyll ‘a’ values at the dam by 50 percent or more for approximately
six months of the year as compared to other scenarios involving up to 50
percent and 15 perceﬁt increases in existing point and nonpoint nitrogen and
phosphorus Toads. The projected values would be above existing chlorophyll
“a’ concentrations and the projected values would be above the 10 to 15 ug/1
target for Lake Stillhouse Hollow.

As further indicated in Chapter IV, chlorophyll ‘a’ concentrations at the
dam in Lake Belton would not be significantly affected by projected point
source discharges. Therefore the existing chlorophyll “a’ concentrations
would be essentially unchanged. However, as shown in Figure II-13 for sites
9 and 10, chlorophyll ‘a’ in the upper arm of Lake Belton is frequently in
excess of 100 ug/1. This concentration is above any reasonable criteria.

RECOMMENDATIONS

Based on the above conclusions the following recommendations are made
relative to Lakes Belton and Stillhouse Holiow:

1. The discharges into the Takes from point sources should be strongly
discouraged in order to reduce nutrient loadings to the lakes.

2. Discharges into the lakes, if allowed, should be subject to the
following conditions:

- Treatment plants should be operated by an operator with at
least a Class B certification.
- Treatment plants should include effluent filters.
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- Treatment plants should be monitored in accordance with the
requirements of the Texas Water Commission rules and
regulations at a minimum frequency of once per week using a 24-
hour composite sample.

- Treatment plants should be constructed in a manner which will
facilitate future addition of facilities to reduce nitrogen and
phosphords, if necessary.

- Before a permit is granted an analysis should be required to
determine the localized water quality impact of the discharge
on cove and/or backwater areas.

3. An ongoing water quality monitoring program of each of the lakes
should be implemented. Additionally, an annual water quality
assessment report should be prepared and the lake water quality
modeis used in this study should be verified.

Based on the stream water quality modeling performed in this study, a
number of wastewater treatment plants in the study area may have more
stringent permit limits imposed on their effluent discharges in the future.
This may be observed in Table V-1, which shows projected effluent limits
for wastewater treatment plants discharging into streams modeled in this
study. Wastewater treatment plants which may have stricter permit limits
imposed in the future include those operated by the City of Gatesville,
North Fort Hood, the City of Oglesby, the Temple-Belton Regional Sewerage
System, Bell County WCID No. 1, the City of Lampasas (both plants), and the
City of Copperas Cove (three plants).



TABLE V-1

PROJECTED FLOWS AND EFFLUENT REQUIREMENTS
FOR LAKE BELTON AND LAKE STILLHOUSE HOLLOW STUDY AREA

Projected Flows

Required Effluent Quality

North North

Gatesville Fort Hood Oglesby Gatesville Fort Hood 0Oglesby

Model Year (MGD) (MGD) (MGD)
Leon River above 1990 1.14 0.25 0.05 10/2/6 10/15/2 10/15/2
Lake Belton 2000 1.52 0.33 0.06 10/2/6 10/3/4 10/3/4
2010 2.02 0.44 ¢.07 10/2/6 10/3/4 - 10/3/4
2020 2.68 0.59 0.07 10/2/6 10/3/4 10/3/4
2030 3.62 0.79 0.08 10/2/6 10/3/4 10/3/4

Mode]

Leon River Below
Lake Belton

Temple-Belton Regional Sewerage System
For Permitted Flow of 10 MGD

10/2/6

Total Flow from Hypothetical WWTP's
Model (MGD)

Lampasas River Below Lake 0.65
Stillhouse Hollow

Required Effluent Quality

20/15/2

Note: Effluent Requirements shown in terms of BOD/NH3-N/DO.
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TABLE V-1

PROJECTED FLOWS AND EFFLUENT REQUIREMENTS

FOR LAKE BELTON AND LAKE STILLHOUSE HOLLOW STUDY AREA

(continued)

Projected Flows

Required Effluent Quality

Harker Harker
Heights Heights
WCID #1 WCID #1 WCID #4 WCID #3 WCID #1 WCID #1 WCID #4  WCID #3
(MGD) STP #2 (MGD) (MGD) STP #2
Model Year (MGD)
Alternative #1
Nolan Creek Model 1990 14.37 0.00 1.51 0.20 10/2/6 -- 10/3/4 10/15/2
2000 16.53 .00 1.93 0.26 10/2/6 -- 10/3/4 10/15/2
2010 17.04 2.12 2.36 0.34 10/2/6 10/2/6  10/3/4 10/15/2
2020 19.16 3.64 3.00 0.44 7/2/6 1/2/6 10/3/4 10/15/2
2030 19.16 7.68 3.72 0.56 1/2/6 1/2/6 10/3/4 10/15/2
Alternative #2
1990 14.37 0.00 1.51 G.20 10/2/6 -- 10/3/4 10/15/2
2000 16.53 .00 1.93 0.26 10/2/6 -- 10/3/4 10/15/2
2010 17.04 2.12 2.36 0.34 10/2/6 10/2/6 10/3/4 10/15/2
2020 19.16 3.45 3.00 0.44 1/2/6 1/2/6 10/3/4 10/15/2
2030 19.16 7.11 3.72 6.56 1/2/6 7/2/6 10/3/4 10/15/2
Alternative #3
1990 14.37 0.00 1.51 0.20 10/2/6 -- 10/3/4 10/15/2
2000 16.53 0.00 1.93 0.26 10/2/6 -- 10/3/4 10/15/2
2010 17.04 1.06 2.36 0.34 10/2/6 10/2/6 10/3/4 10/15/2
2020 19.16 2.22 2.44 0.44 7/2/6 1/2/6 10/3/4 10/15/2
2030 19.16 4.16 2.70 0.56 7/2/6 1/2/6 10/3/4 10/15/2

Note:

Effluent Requirements shown in terms of BOD/NH?-N/DO.



